It is usual for the ion beam produced by an ion source to be mass and/or charge state separated by transporting the beam through a transverse sector magnet [1] . For a beam extracted from the source though a fixed accelerating voltage, ions are deflected by the field through an angle which is proportional to (Q/A)l12 , the square root of the charge-to-mass ratio of the ion species. The magnetic field thus provides a Q/A analysis, and if the beam optics is adequate, the various Q/A components can be selected out i ndi vidua 1 ly and transported downstream for further accel erat i on or for the application for which the beam is destined.
It has been conventional for the analysis magnetic field to be the homogeneous, transverse field established by a dipole magnet with two plane, parallel pole pieces, perhaps with minor field shaping to improve the beam optics. This kind of magnetic configuration has been well studied over many years, and has provided service in a wide variety of applications.
A new magnetic analysis configuration has been proposed by one of us [2, 3] , in which the magnetic field is created by the current flow though a straight conductor located on-axis with respect to the ion beam propagation direction.
This magnetic geometry was called an reOL, as an acronym for current coaxial lens. The magnetic field of an reOL is purely azimuthal about the wirei and the beam Q/A components can be steered towards the axis (converging) or away from the axis (diverging) according to whether the wire current is parallel or antiparallel to the beam current.
We have conducted a simple experimental test of the reOL concept by making use of the intense ion beam produced by the MEVVA (Metal yapor yacuum Arc) ion source that has been developed at Lawrence Berkeley Laboratory. We used an aluminum ion beam, containing charge state species Al+, A1 2 +, and A1 3 +. With the IeOL on, these components were separated such that the residual beam at the detector was almost entirely Al+ alone.
Ions in the annular beam moving with velocity v parallel to the ICOl axis and at a distance r from it experience a force in the radial direction due to the azimuthal magnetic field B = lJII211'r produced by the current I in the IeOl rod. The radial force on the ions is F = eQ(v x B), so that higher charge state ions are deflected more strongly towards the axis than those of lower charge state. The system acts as a lens with a specific focal point on the .axis which is different for each charge state. Charge state separation can thus be achieved by the provision of suitable apertures at the appropriate focus.
In the present case we have adopted the simpler procedure of using a long flight path and placing the Faraday cup near the focal region of the singly charged ions. This does not completely remove the higher charge states, but it would be straightforward to do so by the provision of suitably placed stops.
The experiment was performed by measuring the deflection of a short beam pulse due to the current through the IeOl, using an aluminum ion beam produced by a metal vapor vacuum arc ion source.
A schematic of the experimental configuration is shown in Figure 1 .
The MEVVA ion source has been fully described elsewhere [4] [5] [6] . This source produces pulsed high current beams of metal ions.
In the present application, a beam of some tens of milliamperes of aluminum was extracted from the source at a voltage of 15 kV, with a pulse width of 250 microseconds and a repetition rate of about 1 pps. About 80 cm downstream from the ion source extractor an annular, electrostatic ion beam gate was located, consisting of 5 concentric pairs of circular deflection plates coaxially surrounding a central stop (which also serves as a beam current monitor) of radius 1.5 cm.
In normal operation, a short pulse, about 0.2 microseconds long and typically 1 to 3 kV in amplitude, is applied to the gating plates so as to produce a short sample of the beam pulse, selected from near the middle ,)
of the main 250 microsecond long beam pulse, that is drifted a further 1.95 m downstream to a detector. In this way a time-of-flight charge state analysis system is formed. This system has been described in full elsewhere [7] . For the measurements presented here, only one pair of annular gating plates was used. Thus the beam that was seen by the detector further downstream was a -3-0.2 microsecond pulse gated through an annular region of mean radius 3.3 cm and annular thickness 1 cm. The detector was a well-shielded Faraday cup with magnetic suppression of secondary electrons provided by a transverse magnetic field. The ICOl element was a straight length of conductor extending on-axis for a distance of 63 cm downstream from the center of the annular gate array. Current for the ICOl was provided by a lC-pulse line of length 150 microseconds and characteristic impedance Zo = 0.75 Ohms; the line could be charged up to many kilovolts, and was discharged into a matched resistive load of 0.75 Ohms through the ICOl central conductor using a type 7703 ignitron.
With no current flowing in the ICOl conductor, II = 0, the downstream Faraday cup detected a signal that is typical of the time-of-flight charge state spectra that we rbutinely obtain from the MEVVA ion source. This signal is shown in the upper trace of Fi gure 2. Here the short gate pu 1 se can be seen on the far left of the oscillogram, followed by the ion peaks corresponding to aluminum charge states 0 = 3, 2, and 1; sweep speed is 1 microsecond/cm and the vertical scale is 20 microamperes/cm. Thus the charge state spectrum measured at the detector is Al+:A1 2 +:A1 3 + in proportion 43%:50%:7%. With lCOl current switched on and in the direction antiparallel to the ion beam flow, the current magnitude was adjusted so that.the detector signal was as shown in the lower trace of Figure 2 ; for this case II = 1.5 kA, corresponding to an azimuthal magnetic field B = 300/r Gauss (r in cm).
2+
3+ depleted of the Al and Al , and in the ratio 90%:10%.
(The detector
The charge state spectrum has now been + 2+ the spectral mix is now Al :Al sensitivity was 5 microamperes/cm). Although in thi s pre 1 imi nary test of the lCOl concept the reso 1 ut i on of the separation is poor, the geometry was far from optimum. None-the-less it is clear that a charge state separation can be effected.
Because of the cylindrical symmetry of both the magnetic and beam geometries, this magnetic analysis system has advantages over the more conventional dipole magnetic analysis system. We plan to test the lCOl separation system further, using a higher current density ion beam (around 100 ma total beam current) and improved lCOl optics. -""' .
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